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(54) METHOD AND APPARATUS FOR PRODUCING HIGH-PURITY COPPER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the method and apparatus for electrolytically refining 
copper by suppressing the deposition of the metals other than copper in the electrolytic copper 
refining and electrodepositing only high-purity copper. 

SOLUTION: Copper is dissolved in an aq. hydrochloric acid soln. in an oxidizing atmosphere, the 
precipitate is filtered off, the soln. is sent to an anode compartment of the two-compartment 
electrolytic cell with a cation-exchange membrane as the diaphragm, the copper ion is 
electrolytically sent to the cathode compartment and electrolytically reduced by the cathode 
through which an oxygen-contg. gas is passed to deposit copper on the cathode, and high-purity 
copper is produced. This high-purity copper producing apparatus is provided with a means for 
dissolving copper in hydrochloric acid and adjusting the concn., a means for filtering the filtered 
copper chloride soln., a means for introducing the filtered soln. into an electrolytic cell divided by a 
cation-exchange membrane into an anode compartment and a cathode compartment and a means 
for supplying gaseous oxygen on the cathode surface, and electrolytic copper is formed on the 
cathode surface. A microliter is preferably used for the filtration. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] After dissolving copper in a hydrochloric acid aqueous solution under an oxidizing 
atmosphere, remove a sediment by filtration, send to an anode chamber of a two-room method cell 
which uses cation exchange membrane as barrier membrane, send a copper ion to the cathode- 
chamber side in electrolysis, and. A manufacturing method of high purity copper returning oxygen 
containing gas in electrolysis by an anode which led, and depositing copper on an anode. 
[Claim 2]A manufacturing method of the high purity copper according to claim 1, wherein 
concentration of a hydrochloric acid aqueous solution is 1 to 5 mol. 

[Claim 3]A means to dissolve copper in chloride and to adjust copper concentration, and a means to 
filter a copper chloride solution made by the dissolution, A manufacturing installation of high purity 
copper having a means to send a filtered copper chloride solution to a cell with which it separated 
into an anode chamber and a cathode chamber by cation exchange membrane, and a means to 
supply oxygen gas to a cathode surface of this cell, and forming electrolytic copper in a cathode 
face by electrolysis. 

[Claim 4]A manufacturing installation of the high purity copper according to claim 3 which carries 
out being based on contact with gaseous chlorine to the dissolution of copper with the feature. 
[Claim 5]A manufacturing installation of the high purity copper according to claim 3 or 4 sending 
chlorine which made an anode chamber of a cell circulate through chloride, and came out by 
electrolysis to a copper dissolver. 

[Claim 6]A manufacturing installation of the high purity copper according to claim 3 performing the 
dissolution of copper in electrolysis in a hydrochloric acid aqueous solution by using copper base 
gold as a cathode. 

[Claim 7]A manufacturing installation of the high purity copper according to claim 3 supplying what 
was dissolved by a dissolver and made into a copper chloride to the anode-chamber side of a cell 
after letting a microfilter pass. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the manufacturing method and manufacturing 
installation of an ultra-high-purity metal which are used for the field which needs ultra-high-purity 
metals of a for [ the electronic processing fields ] mainly, such as a target material. 
[0002] 

[Description of the Prior Art]Copper produced crude copper according to thermal reaction from the 
former, and high-grade-izing has been performed by carrying out electrolytic refining of it. Thereby, 
unlike other metal, the thing of at least 99.9 to about 99.99% of purity was produced, and the purity 
of refined copper had obtained the high grade metal from the former. Since the conductivity was 
large and the electric wire which is a copper main applicable field changed with copper purity, this 
was performed from using a high grade as much as possible. Since it had depended for taking out 
the portion of a high grade from saying that such a high grade is obtained easily by the inside to 
preparing this also when you need a high grade specially, and analysis etc., most methods of 
obtaining high purity copper so much easily were not considered. 

[0003]However, it is necessary for it to be possible now to use copper for the electronic field and 
the wiring for electron devices, and to use copper of a high grade more. That is, as an object for 
targets used for PVD etc., not less than 99.999% of super-high-purity copper is needed, for this 
reason — being alike — although the method of electrorefining the copper which electrorefined 
again had been performed, high-grade-izing was difficult. Although removing volatile matter by 
electron beam melting etc. was performed in electrolytic copper, removal of the metal used as 
impurities, such as silver in which this is also contained in copper, was almost impossible. 
[0004] 

[Problem to be solved by the invention]This invention was made in order to solve an above-stated 
problem, and especially in copper electrolytic refining, it pressed down the deposit of metal other 
than copper, and an object of this invention was to provide the electrolytic copper refining method 
and refining apparatus in which only copper of a high grade is made to electrodeposit. 

[0005] 

[Means for solving problemjln order that this invention may carry out electrolytic refining of the 
copper, when dissolving copper of a metal in acid, It enables it to obtain only copper of a high grade 
by removing beforehand the silver which deposits with high potential with chloride, and pressing 
down a deposit of metal, such as nickel and iron, by holding the electrolytic potential more than 
zero. That is, this invention solved aforementioned SUBJECT by the following means. 
(1) After dissolving copper in a hydrochloric acid aqueous solution under an oxidizing atmosphere, 
remove a sediment by filtration, send to the anode chamber of the two-room method cell which 
uses cation exchange membrane as barrier membrane, send a copper ion to the cathode-chamber 
side in electrolysis, and. A manufacturing method of the high purity copper returning oxygen 
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containing gas in electrolysis by the anode which led, and depositing copper on an anode. 

(2) A manufacturing method of high purity copper of the aforementioned (1) description, wherein the 

concentration of a hydrochloric acid aqueous solution is 1 to 5 mol. 

[0006](3) A means to dissolve copper in chloride and to adjust copper concentration, and a means 
to filter the copper chloride solution made by the dissolution, A manufacturing installation of the 
high purity copper having a means to send the filtered copper chloride solution to the cell with 
which it separated into the anode chamber and the cathode chamber by cation exchange membrane, 
and a means to supply oxygen gas to the cathode surface of this cell, and forming electrolytic 
copper in a cathode face by electrolysis. 

(4) A manufacturing installation of high purity copper of the aforementioned (3) description which 
carries out being based on contact with gaseous chlorine to the dissolution of copper with the 
feature. 

(5) A manufacturing installation of high purity copper the above (3) sending chlorine by which makes 
an anode chamber of a cell circulate through chloride, and it is generated by electrolysis to a copper 
dissolver, or given in (4). 

(6) A manufacturing installation of high purity copper of the aforementioned (3) description 
performing the dissolution of copper in electrolysis in a hydrochloric acid aqueous solution by using 
copper base gold as a cathode. 

(7) A manufacturing installation of high purity copper of the aforementioned (3) description supplying 
what was dissolved by a dissolver and made into a copper chloride to the anode-chamber side of a 
cell after letting a microfilter pass. 

[0007] 

[Mode for carrying out the invention] Hereafter, this invention is explained in detail. Potential in 
which copper deposits in electrolysis is 25 ** standard conditions, is Cu 2+ /Cu (E 0 =0.345V), and is 
CuVCu (E 0 =0.522V). Thus, it is bismuth, silver, a platinum metal, gold, etc. that metal deposits with 
potential by the side of plus besides copper shown here. In the case of bismuth, it is Bi 3+ /Bi 
(Eq^O^V), and, in the case of silver, they are Ag + / Ag (E 0 =0.799V). In order to deposit copper by 
the usual electrolysis, what is necessary is just to use less than 0.345V as cathode potential, and, in 
a certain case, a copper ion fully changes with applied current densities, electrolysis solution 
conditions, etc. actually, but about [ 0.2-0.25V ] potential is held. With this potential, it is possible 
that metal, such as a deposit of bismuth and very high silver of deposition potential, comes out 
simultaneously as a possibility. This invention mixes a actual electrolysis experiment in consideration 
of these phenomena, and it elaborates an electrolytic method so that electrolytic voltage may be 
held automatically at copper deposition potential. A deposit of metal other than copper is lost 
substantially, and only copper of a high grade came to be extremely obtained by this. 
[0008]That is, chloride is dissolved for raw material copper like copper base gold as a solvent. Since 
chloride is reduction nature, it is hard to dissolve, but metal can be dissolved almost 
stoichiometrically by adding chlorine which is an oxidizer. In metal dissolved here, since silver 
precipitates as insoluble silver chloride, this is removed with a microfilter. When hydrochloric acid 
concentration is about 5 mol or less, bismuth, gold, and other platinum metals forming naked not ion 
but complex ion, and existing is known. That is, in an ionic state, it is an anion instead of plus. For 
this reason, with liquid containing this complex ion, if cation exchange membrane is used, complex 
ion has the feature of being separable, with a positive ion without most passing. If potential does not 
go to the minus side, a deposit of other metal does not take place. Although copper ions enough in 
order not to bring potential to the minus side should just exist, potential was made not to go low by 
making oxygen return as a measure at the time of presupposing that side reactions other than a 
deposit of copper occur. 

[0009]That is, reduction 0 2 +2H 2 0+4e " ->40H " (E Q =0.401 V) of oxygen was used. It is known that 
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as for this reaction excess voltage is usually known for a large thing, and there is a 0.4V grade 
seemingly above 10 A/dm 2 which is practical use current density. In 0.1 to 1A/dm 2 , it is at least 
0.2V. Since cathode potential will not become below zero if this is used and a deposit of other metal 
will not take place, only copper of a high grade will be obtained. Here, it succeeded in obtaining 
copper of not less than 99.9999% of high grade using all of these character. 
[0010] First, gaseous chlorine is added for copper base gold into this liquid among 3 to 5-mol 
chloride. If it does so, after liquid is slightly tinged with yellowness, according to a chlorine dose, 
copper will dissolve as a copper ion almost stoichiometrically. Some other metal contained in a 
metal at this time precipitates without dissolving as it is. Although silver turns into silver chloride, 
most solubility of silver chloride is zero and precipitates as silver chloride too. In a part, bismuth 
becomes undissolved precipitate as chloridation bismuth ion. Too, a part is precipitating and, in a 
part, a ruthenium, iridium or platinum, etc. becomes chloride ion. Naturally such chloride ion has an 
electric charge of minus. Although other metal in which few things exist, for example, iron, cobalt, 
nickel, etc. exist as an anion as it is, the deposition potential of these is minus. 
[001 1]In addition, in the dissolution of copper, it can dissolve in electrolysis by using metal as a 
cathode. Naturally the dissolution by the dissolution by chlorine and electrolysis may be combined. 
Thus, the chloride liquid which dissolved the metal which makes copper a subject is sent into the 
anode-chamber side of the cell which removed the sediment with the filter first and was divided by 
cation exchange membrane subsequently to an anode chamber and a cathode chamber. Here, a 
positive ion moves to the cathode-chamber side through cation exchange membrane with 
energization. What forms complex ion, such as a platinum metal, remains in an anode chamber. 
Although there is a cathode in an anode chamber, as this cathode, the electrode called DSE or DSA 
which covered the platinum metal oxide on what is called the valve metal surfaces, such as titanium, 
is used. Although these electrodes are known for electrode material hardly dissolving, Since it 
becomes negative ion as it was shown above, even if these dissolved and movement to a cathode 
chamber is interrupted by cation exchange membrane, metal ion which is a plus side in potential and 
deposits will not almost exist in a cathode chamber. When it turns out that there is no existence of 
such an anion into an electrolysis solution beforehand, of course, and that copper of the target 
purity is obtained even if it exists, the electrolysis solution from a dissolver may be supplied to a 
direct-heated-cathode room. Even in this case, a cell needs to use what was divided into the 
cathode and the cathode chamber by cation exchange membrane, and to make influence of elution 
of a cathode into the minimum. 

[0012]Although it makes to use a pure copper board for the anode side as an anode into a standard, 
a gas diffusion electrode of a nonmetallic system can also be used. That is, a half-canal type gas 
diffusion electrode which consists of usual carbon and PTFE resin may be sufficient. However, since 
it will cause an impurity if metal is used as electrode material, it does not use, but it is considered 
only as carbon at most as electrode material, using copper. If it electrolyzes [ while passing oxygen 
to this gas diffusion electrode, or ], spraying oxygen on the copper-electrode surface, cathode 
potential is held from about 0.15 0.25V, and copper deposits in a cathode surface. When metallic 
copper is used as an anode, needlelike copper deposits in a copper surface, and copper which 
deposited on the surface accumulates in the lower part of electrode vicinity as precipitate in a gas 
diffusion electrode. Electrolysis is continued removing these metal. Precipitate obtained here is 
metallic copper which has not less than 99.999% of purity. 

[0013]Thus, send again an electrolysis solution which deposited metallic copper of super high purity 
to an equalizing tank, and copper concentration is adjusted there, and chloride complex ion which 
became superfluous is removed and it is made to send into a cell again as an electrolysis solution. 
Since it may involve in other metal ion into metallic copper when electrolytic current density is 
raised too much although a batch may be sufficient as this electrolysis and continuation may be 
sufficient as it, It is below current density 40 A/dm 2 , and it is required for current density to choose 
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current the optimal, since an operation of a gas diffusion electrode may become superior below by 1 
A/dm 2 and copper deposit efficiency may get extremely bad. If current density is carried out more 
than 10 A/dm 2 , without supplying oxygen, it will be based on electrolysis solution purity, but mixing 
of metal, such as nickel, may take place slightly. This can be thoroughly prevented by supplying 
oxygen. It is not specified in particular that electrolysis temperature is usually 40 ** to about 80 **. 
[0014] 

[Working example]Hereafter, although an embodiment explains this invention concretely, this 
invention is not limited to these. 

[0015]An alloy which added and carried out the electron beam melting of silver of 1000 ppm each, 
nickel, cobalt, and the iron to this based on electrolytic copper as embodiment 1 copper-base gold 
was created. A grain with an appearance particle diameter of 1 mm of this metal was put into a 
titanium basket, and it put in a 3-mol hydrochloric acid aqueous solution. This was warmed at 40 **, 
gaseous chiorine was sent from a pars basilaris ossis occipitalis of a basket, and a metal was 
dissolved. A hydrochloric acid aqueous solution which contains 1 0Og/i. of copper by this was 
obtained. Since black precipitate generated in this solution, this was filtered through a microfilter 
(membrane filter) of 0.2 micrometer of openings. It sent to an anode chamber of a cell which uses 
cation exchange membrane as barrier membrane by using this liquid as an electrolysis solution. This 
cell is a product made from PTFE, and Nafion115 by Dupont was used for it as an ion-exchange 
membrane. An electrode of trade name DSE which formed a multiple oxide coat of the weight ratio 
45(ruthenium):55 (titanium) of ruthenium oxide and titanium oxide in an expanded mesh of titanium 
was installed as a cathode so that it might stick to this. A punched plate of 70% of an appearance 
numerical aperture of a copper plate is prepared for an anode, and oxygen gas is sent to a field by. 
the side of this ion-exchange membrane. 

[0016]The aforementioned electrolysis solution was sent into the anode chamber of this cell. When 
electrolyzed with the current density of 2 A/dm 2 , nothing deposited in the anode at first, but after 
the initial electrolysis for about 15 minutes, the catholyte became green, and the deposit of copper 
started. The deposit was performed to tabular [ including a dendrite-like crystal ], and the adhesion 
power to the anode was not so strong. Although the cathode side had generating of chlorine, this 
gaseous chlorine was sent to the copper dissolver. Since it ran short as the dissolution of metal 
only with this generating chlorine, the insufficiency was compensated with chlorine from a small 
chloride electrolytic device. Thus, after pure water fully washed depositing metal, when analysis was 
conducted, it turned out that it has 99.9999% of copper as a part for metal. 

[0017]The dissolution of a metal was electrolyzed by having used PTFE resin as a binder and having 
used the briquette as an anode in carbon using copper base gold like embodiment 2 Embodiment 1, 
using it as a cathode, and metal was dissolved. Current density was made into 1 A/dm 2 by the 
anode side. It electrolyzed by sending after filtration the solution obtained by the aforementioned 
dissolution to the cathode chamber of a cell with the PTFE resin filter of 0.2 micrometer of 
openings. The current density in electrolysis was 10A/dm 2 in the cathode face. The porous gas 
diffusion electrode which consists of carbon black and PTFE resin was used for the anode. The 
heartwood of a gas diffusion electrode is a mesh made from high purity copper. 
Oxygen gas was supplied from the opposite hand of a gas diffusion electrode. 
Thus, when electrolyzed, metal particles deposited on the gas diffusion electrode surface, and it 
deposited in electrode vicinity. When the metal which deposited in this electrode vicinity was taken 
out, pure water washed after washing and also with ultrapure water and it was analyzed, it turned 
out in not less than 99.999% of purity that it is high purity copper. 
[0018] 

[Effect of the Invention]According to this invention, the following effect is acquired. 

(1) By comparatively easy operation, not less than 99.999% of high purity copper is obtained easily. 

(2) Although copper base gold needed that it was already a high grade in manufacture of usual high 
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purity copper, copper of a high grade is fully obtained also usual copper base gold in this invention. 

(3) Although deposited in electrolysis, since the current density is comparatively high, a deposition 
rate is quick, and it is small equipment, and a lot of high purity copper is obtained. 

(4) Since the width of an electrolytic condition is wide, manufacture of high purity copper can be 
performed easily. 



[Translation done.] 
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